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To determine the clinical and hemodynamic correlates 
as well as therapeutic and prognostic implications of 
predominant right ventricular dysfunction complicating 
acute myocardial infarctioli, 43 consecutive patients with 
scintigraphic evidence of right ventricular dyssynergy 
and a depressed right ventricular ejection fraction «0.39) 
in association with normal or near normal left ventric•
ular ejection fraction (2:0.45) were prospectively eval•
uated. All 43 patients had acute inferior infarction, 
forming 40% of patients with acute inferior infarction, 
and oniy eight (24%) had elevated jugular venous pres•
sure on admission. Oil hemodynamic monitoring, 74% 
of patients had a aepressed cardiac index (:0;2.5 li•
ters/min per m2), averaging 2.0 ± 0.05 for the group. 
Of these, 30% did not demonstrate previously described 
hemodynamic criteria of predominant right ventricular 
infarction (right atrial pressure 2: 10 mm Hg or right 
atrial to pulmonary capillary wedge presSitre ratio 2: 
0.8, or both). The left ventricular end-diastblic volume 
was reduced to 49 ± 11 ml/m2 (n = 22) and correlated 
significantly with the stroke volume index (r = 0.82; 
P < 0.0001) and cardiac index (r = 0.57; P = 0.005). 
The follow-up right ventricular ejection fraction, de•
termined in 33 patients, showed an increase of 10% or 
greater in 26 (79%), increasing from a mean value of 
0.30 ± 0.06 to 0.40 ± 0.09 (p < 0.0001) without a 
significant overall change in the mean left ventricular 
ejection fraction (0.56 ± 0.10 to 0.56 ± 0.11, P = NS). 
In-hospital complications occurred frequently and in-
Although right ventricular involvement in acute myocardial 
infarction had been demonstrated at autopsy (1), its clinical 
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c1uded bradycardia with hypotension in 25 (58%), low 
output syndrome or shock in i8 (41%), complete atrio•
ventricular block in 6 (13%), early ventricular tachy•
cardia or fibrillation in 7 (16%), ventricular septal rup•
ture with mitral regurgitation in 1, ventricular septal 
and free wall rupture in 1 and severe mitral regurgi•
tation in 1. The low output syndrome did not improve 
with volume loading alone (except in 1 patient) but 
required additional inotropic or vasodilator therapy, or 
both, in 13, intraaortic balloon pumping in 2 and atrial 
pacing in 1 patient. Two patients (4.6%), both with ven•
tricular septal rupture, died. 
It is concluded that scintigraphic evidence of pre•
dominant right ventricular dysfunction occurs fre•
quently in acute inferior infarction and is associated with: 
1) frequent absence of clinically detectable elevation of 
jugular venous pressure or hemodynamic signs of pre•
dominant right ventric.ular dysfunction; 2) reduced left 
ventricular end-diastolic volume resulting in low cardiac 
output; 3) frequent spontaneous improvement in right 
ventricular function over time; 4) a high incidence of 
complications; and 5) good short-term survival in the 
absence of added mechanical complications. Further•
more, despite a reduced left ventricular end-diastolic 
volume and contrary to popular belief, the low output 
syndrome rarely improves with volume infusion alone 
and frequently requires additional inotropic or vasoac•
tive drug therapy. 
(1 Am Coil CardioI1985;6:1264-72) 
recognition as a distinct entity producing a characteristic 
hemodynamic profile was brought into focus by Cohn et al. 
(2) in 1974. Despite early studies of Starr et al. (3) dem•
onstrating little hemodynamic perturbation after destruction 
of the right ventricle in the experimental animal, several 
clinical studies (4,5) demonstrated that predominant right 
ventricular dysfunction complicating acute myocardial in•
farction can produce a clinical hemodynamic profile of low 
cardiac output, high right heart filling pressures and some•
times hemodynamic patterns simulating constrictive peri-
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carditis, restrictive cardiomyopathy or cardiac tamponade. 
The purpose of this study was to determine the frequency, 
clinical and hemodynamic correlates as well as therapeutic 
and prognostic implications of noninvasively detected pre•
dominant right ventricular dysfunction in acute myocardial 
infarction. 
Methods 
Study patients. Of 250 consecutive patients admitted to 
the cardiac care unit with a diagnosis of acute transmural 
myocardial infarction who underwent radionuclide ventric•
ulography for the assessment of left and right ventricular 
function, we prospectively identified 43 patients who had 
scintigraphic evidence of predominant right ventricular dys•
function using the following criteria: I) a dilated right ven•
tricle with hypokinesia, akinesia or dyskinesia of its free 
wall or apex, or both, associated with a depressed tight 
ventricular ejection fraction « 0.39); and 2) a normal or 
only mildly depressed left ventricular ejection fraction 
(~ 0.45). None of these patients received thrombolytic 
therapy. 
Norie of these patients had evidence of prior pulmonary, 
valvular, congenital or myocardial disease. All patients had 
electrocardiographic evidence of acute transmural inferior 
or inferoposterior myocardial infarction (representing 40% 
of all patients with inferior or posterior infarction) and char•
acteristic elevation of serum levels of MB-creatine kinase 
(CK) isoenzyme. There were 29 men and 14 women in this 
patient population with a mean age of 64 years (range 32 
to 84). Three patients had a history of an additional prior 
non-Q wave anterior myocardial infarction. On admission, 
36 patients were in Killip functional class I. and 7 were in 
Killip class II. Clinical data were prospectively recorded on 
specially designed forms on admission and throughout the 
hospital course by one of the investigators (P.K.S.) and 
ent~red into a computer database for subsequent retrieval 
and analysis. 
Radionuclide ventriculography. All patients under•
went multiple gated equilibrium radionuclide ventriculog•
raphy in the 45° and 70° left anterior oblique as well as 
anterior projections after intravenous injection of 20 to 25 
mCi of in vitro labeled technetium-99m autologous eryth•
rocytes, using a mobile gamma camera (Ohio Nuclear 420) 
equipped with a low energy all-purpose collimator and a 
mobile computer (Medical Data Systems). The degree of 
obliquity during the acquisition of data in the 45° left anterior 
oblique view was adjusted to provide optimal separation of 
left and right ventricles, and caudal angulation was used to 
separate left atrial activity from the base of the left ventricle. 
Left and right ventricular ejection fractions were determined 
from background-corrected counts using end-diastolic and 
end-systolic regions of interest outlined with a light pen in 
the 45° left anterior oblique projection: 
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. . f' End-diastolic counts ~ End-systolic counts 
JectlOn raction = 
End-diastolic counts 
Left and rifiht ventricular refiional wall motion was as•
sessed by two experienced nuclear cardiologists (O.B., 1.M.) 
using a qualitative format (hypokinesia, akinesia, dyski•
nesia, normal). This technique for determination of ejection 
fraction and regional wall motion has been vaiidated and is 
described in detail elsewhere (6). In our laboratory, the 
normal values for left and right ventricular ejection fraction 
.are: (0.62 ± 0.07 SO, range 0.54 to 0.79) and (0.48 ± 
0.05 SD, range 0.39 to 0.58), respectively. 
Initial radionuclide ventriculography was performed within 
48 hours of admission in all patients. A follow-up study 
was performed at an average of 9.6 days (range 2 to 19) 
after the initial study in 33 patients. None of the patients 
were receiving cardioactive drug therapy at the time of initial 
and follow-up radionuclide ventriculography. 
Hemodynamic assessment. Twenty-five patients con•
sented to undergo hemodynamic monitoring. Complete 
hemodynamic variables were determined and followed up 
in 23 patients. In an additional two patients cardiac output 
could not be determined by thermodilution because of de•
velopment of ventricular septal rupture. Hence, only pres•
sure data are included for these patients. 
All hemodynamic variables were determined with the 
patient in the supine position. Arterial pressure was moni•
tored through a 20 gauge plastic cannula inserted percu•
taneously into the radial artery. Right atrial, pulmonary 
arterial and pulmonary capillary wedge pressures were de•
termined with a balloon-tipped flow-directed triple lumen 
Swan-Ganz catheter. Cardiac output was determined by 
thermodilution. 
Hemodynamic variables were calculated as 
CI
' . , CO 
(hters/mm per m-) = --, 
BSA 
, SY 
SYI (mllbeat per m-) = BSA' 
SWI (g/m per m2 ) = SYI x (AP ~ PCW) x 0.0136, 
, AP ~ RA 
SYR (dynes·s·cm .) = x 80, 
CO 
PA ~ PCW 
PYR (dynes's'cm-') = x 80, 
CO 
where CI = cardiac index; CO = cardiac output; BSA 
body surface area; SYI = stroke volume index; SWI 
stroke work index; AP = mean arterial pressure; SVR = 
systemic vascular resistance; PVR = pulmonary vascular 
resistance; PCW = mean plilmonary capillary wedge pres•
sure; PA = mean pulmonary artery pressure; and RA = 
mean right atrial pressure. Hemodynamic criteria for pre•
dominant right ventricular dysfunction were considered to 
be a right atrial pressure of 10 mm Hg or greater or a right 
atrial to pulmonary capillary wedge pressure ratio of 0.8 or 
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greater, or both, as previously reported by Lopez-Sendon 
et al. (7) and Dell'Italia et al. (8). 
Ventricular volumes. In 22 patients, left and right ven•
tricular end-diastolic volumes were calculated from the ratio 
of thermodilution stroke volume and simultaneously deter•
mined radionuclide left and right ventricular ejection frac•
tions, respectively. Volumes were calculated only in pa•
tients without clinical and hemodynarnic evidence of valvular 
regurgitation or intracardiac shunt. 
Coronary angiography. Coronary angiography was per•
formed in 17 patients at an average of IS days (range 2 days 
to 2 months) after admission. 
Statistical analysis. A Student's t test and linear regres•
sion analysis was performed wherever appropriate. A prob•
ability (p) value less than 0.05 was considered significant. 
Results 
Initial and follow-up global and regional left and right 
ventricular function (Fig. 1). The mean initial left ven•
tricular ejection fraction for the group was 0.57 ± 0.09 
with a range of 0.45 to 0.83. The left ventricular ejection 
fraction was mildly depressed (0.45 to 0.53) in 19 patients 
(44%) and normal (2': 0.54) in 24 patients (56%). In 33 
patients in whom a follow-up left ventricular ejection frac-
Figure 1. Sequential changes in global ventricular function in 33 
patients with predominant right ventricular dysfunction. L VEF = 
left ventricular ejection fraction; RVEF = right ventricular ejection 
fraction; closed circles within rings = mean ± SD. See text for 
details. 
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tion was determined, the mean left ventricular ejection frac•
tion at follow-up was 0.56 ± 0.11, which was not signif•
icantly different from the corresponding value of 0.56 ± 
0.10 on initial determination. Analysis of individual data, 
however, demonstrated that when a greater than 10% change 
from initial value was considered significant, the left ven•
tricular ejection fraction actually decreased in 10 (30%), 
increased in 9 (27%) and remained unchanged in the re•
maining 14 patients (39%). The mean initial left ventricular 
ejection fraction was significantly higher in the 10 patients 
who subsequently demonstrated a decrease at follow-up than 
in the 9 patients who demonstrated a subsequent increase 
in left ventricular ejection fraction at follow-up (0.64 ± 
0.11 versus 0.49 ± 0.03; P < 0.05). 
The left ventricular regional wall motion was completely 
normal in 8 (19%) of 43 patients on initial evaluation. In 2 
of the remaining 35 patients, regional wall motion abnor•
mality was confined to left ventricular apex. The regional 
wall motion of the inferior or posterolateral left ventricular 
segments, or both, was hypokinetic, akinetic or dyskinetic 
in the remaining 33 patients. Among these 33 patients, 
additional abnormal wall motion of interventricular septum 
was observed in 19 (57%), with 4 (21 %) of 19 patients 
demonstrating frank septal dyskinesia. 
Right ventricular function. The right ventricular ejection 
fraction was depressed « 0.39) in all patients (mean 0.29 
± 0.06; range 0.14 to 0.38); in 22 patients (50%) it was 
severely depressed (::; 0.30). The right ventricular free wall 
demonstrated severe hypokinesia or akinesia in 34 (77%) 
of 43 patients. The remaining nine patients (23%) demon•
strated akinesia or dyskinesia of the right ventricular apex. 
Despite scintigraphic evidence of right ventricular dysfunc•
tion, an elevated jugular venous pressure was observed in 
only 8 (24%) of 43 patients during initial clinical evaluation. 
In 33 patients with follow-up studies, the mean right ven•
tricular ejection fraction of 0.40 ± 0.10 was significantly 
(p < 0.001) higher than the corresponding value of 0.30 
± 0.05 on initial determination. The right ventricular ejec•
tion fraction at follow-up increased by 10% or greater in 
26 patients (79%), remained unchanged in 6 (18%) and 
decreased by 10% or greater in only I patient (3%). Right 
ventricular dyssynergy decreased by at least one grade in 
32 of 33 patients. 
Hemodynamic findings (Table 1). On initial evalua•
tion, the mean right atrial pressure averaged 10 ± 5 mm 
Hg (range 4 to 20), with only II (44%) of 25 patients 
demonstrating values of 10 mm Hg or greater. The mean 
pulmonary capillary wedge pressure averaged 14 ± 5 mm 
Hg (range 6 to 22), and was elevated (> 15 mm Hg) in eight 
patients (35%). The ratio of mean right atrial pressure and 
mean pulmonary capillary wedge pressure was 0.8 or more 
in 12 patients (48%). Thus, 15 patients (60%) demonstrated 
either a right atrial pressure of 10 mm Hg or greater or a 
right atrial to pulmonary wedge pressure ratio of 0.8 or 
lACC Vol. 6. No.6 
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Table 1. Simultaneous Hemodynamic and Scintigraphic Findings in 25 Patients With Predominant Right Ventricular Dysfunction 
Case 
No. HR CI SYI MAP PA PCW RA RA/PCW SYR PYR LYEF RYEI' LYEDYI RYEDYI 
64 
2 53 
3 85 
4 85 
5 52 
6 55 
7 70 
8 82 
9 80 
10 61 
II 102 
12 52 
13 85 
14 65 
15 78 
16 80 
17 85 
18 55 
19 50 
20 78 
21 90 
22 95 
23* 85 
24* 77 
25* 102 
l.8 
1.5 
2.4 
2.5 
1.2 
1.4 
1.9 
2.3 
2.5 
1.6 
1.8 
1.7 
2.9 
2.7 
2.5 
2.2 
1.6 
2.0 
1.2 
2.1 
1.2 
2.3 
2.6 
28 
28 
28 
29 
23 
25 
27 
28 
31 
26 
18 
33 
34 
41 
32 
27 
19 
36 
24 
27 
13 
24 
34 
123 
68 
66 
133 
77 
80 
78 
84 
102 
86 
93 
76 
80 
105 
23 
17 
IJ 
19 
19 
18 
18 
16 
19 
18 
16 
16 
21 
28 
II 
16 
4 
10 
II 
20 
14 
14 
12 
II 
12 
13 
II 
14 
19 
9 
13 
22 
18 
8 
(, 
II 0.68 
4 1.00 
9 0.90 
8 0.72 
16 080 
7 0.50 
8 0.57 
10 o.~n 
4 0.36 
7 0.58 
II 0.84 
8 072 
17 I. 2() 
4 0.21 
5 0.55 
II 0.84 
20 0.90 
15 0.83 
7 O.S7 
6 1.00 
12 057 
4 026 
12 075 
8 0.53 
17 O~N 
2.842 
1.480 
934 
1.818 
2.174 
1.916 
1.396 
1.258 
1.627 
2.072 
1.710 
1.623 
786 
1.655 
874 
1.127 
2.155 
878 
2.097 
1.917 
2.121 
1.350 
180 
302 
115 
116 
155 
III 
97 
70 
133 
157 
84 
143 
85 
148 
29 
88 
215 
96 
In 
42 
IW 
82 
191 
45 
38 
51 
57 
42 
36 
52 
51 
67 
42 
38 
69 
57 
91 
47 
55 
50 
70 
37 
40 
25 
31 
78 
87 
85 
91 
82 
76 
193 
85 
91 
68 
56 
94 
121 
114 
91 
84 
96 
225 
120 
108 
59 
63 
Mean 75± 2.0± 
0.5 
28 ± 
6 
65 
67 
n 
57 
61 
96 
73 
70 
80 
64 
72 
81 ± 
19 
15 
26 
17 
13 
13 
25 
19 
23 
27 
27 
19± 
5 
21 
15 
16 
15 
III 
14± 
5 
IO± O.72± 1.607± 
545 
131 ± 
61 
0.62 
073 
0.55 
0.51 
055 
069 
052 
0.55 
0.46 
0.62 
0.47 
0.48 
060 
0.45 
0.68 
0.49 
0.54 
0.51 
065 
0.67 
052 
076 
0.83 
053 
0.77 
0.59± 
Oil 
0.36 
0.32 
033 
0.32 
0.28 
0.33 
0.14 
0.33 
0.34 
0.38 
0.32 
0.35 
0.28 
0.36 
0.35 
0.32 
0.28 
0.16 
0.20 
0.25 
0.22 
0.38 
0.25 
0.31 
0.25 
0.30± 
(J.06 
99± 
34 ± SD 16 5 0.24 
*Yentricular volumes could not be determined because of inability to measure cardiac output by thermodilution because of a ventricular septal defect 
in Patients 23 and 25. and because of technical problems in Patient 24. CI = cardiac index (liters/min per me): HR = heart rate (beats/min): LYEDYI 
= left ventricular end-diastolic volume index (mllm'): LYEF = left ventricular ejection fraction: MAP = mean arterial pressure (mm Hg); PA = mean 
pulmonary artery pressure (mm Hg); PCW = mean pulmonary capillary wedge pressure (mm Hg): PYR = pulmonary vascular resistance (dynes·s·cm '); 
RA = mean right atrial pressure (mm Hg): RYEDYI = right ventricular end-diastolic volume index (ml/m'): RYEF = right ventricular ejection fraction; 
SYI = stroke volume index (ml/beat per m2): SYR = systemic vascular resistance (dynes's'cm '). 
greater. The right atrial pressure waveform showed a y 
descent equal to or steeper than the x descent in only six 
patients, all of whom had an initial right atrial pressure of 
iO mm Hg or greater. The 15 patients with hemodynamic 
signs of predominant right ventricular dysfunction did not 
differ significantly from the remaining 10 patients with 
respect to either the right ventricular ejection fraction 
(0.28 ± 0.05versusO.31 ± 0.08,p = NS)orthe left ventric•
ular ejection fraction (0.59 ± 0.11 versus 0.57 ± 0.11. 
P = NS). 
Cardiac index measured in 23 patients averaged 2.0 ± 
0.5 liters/min per m2 (range 1.2 to 2.9) and was reduced 
« 2.5 liters/min per m2) in 17 patients (74%). In 15 of 
these 17 patients the cardiac index was less than 2.2 li•
ters/min per m2 . The mean stroke volume index was 29 ± 
7 mllbeat per m2 (range 13 to 44) and 21 patients (91 %) 
demonstrated a reduced value (S 35). The 17 patients with 
a reduced cardiac index did not differ significantly from the 
remaining 6 patients with normal cardiac index with respect 
to right ventricular ejection fraction (0.30 ± 0.08 versus 
0.33 ± 0.03, P = NS), left ventricular ejection fraction 
(0.57 ± 0.10 versus 0.54 ± 0.10, P = NS) or mean right 
atrial pressure (9 ± 4 versus 8 ± 6 mm Hg, p = NS). Of 
the 17 patients with a reduced cardiac index, hemodynamic 
criteria of predominant right ventricular dysfunction were 
absent in 5 (30%), whereas similar criteria were absent in 
5 (84%) of 6 patients with a normal cardiac index (Table 
2). 
Table 2. Prevalence of Hemodynamic Criteria of Predominant 
Right Ventricular Dysfunction in Presence and Absence of Low 
Cardiac Output 
Hemodynamic 
Criteria 
Present* 
Absent 
<2.5 
12 
5 
Cardiac Index 
(liters/min per me) 
::>:2.5 
5 
*Hemodynamic criteria = mean right atrial pressure of 10 mm Hg or 
greater. or mean right atrial to mean pulmonary capillary wedge pressure 
ratio of 0.80 or greater. 
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Ventricular volumes (Table 1). The mean left ventric•
ular end-diastolic volume index was 49 ± II mllm2 (range 
25 to 91), which was significantly (p < 0.05) smaller than 
the mean right ventricular end-diastolic volume index of 99 
± 34 mllm2 (range 56 to 225). There was no significant 
relation between the pulmonary capillary wedge pressure 
and left ventricular end-diastolic volume index or the right 
atrial pressure and the right ventricular end-diastolic volume 
index. Lack of correlation between left ventricular end•
diastolic volume index and pulmonary capillary wedge pres•
sure as well as the elevation of pulmonary capillary wedge 
pressure (> IS mm Hg) in 6 patients (Cases 1, 5, 14, 17, 
18 and 21) despite a normal or low left ventricular end•
diastolic volume index (25 to 91 mllm2) suggest reduced 
left ventricular compliance. The left ventricular end-dia•
stolic volume index demonstrated a linear and significant 
correlation with the stroke volume index (r = 0.82; P < 
0.000 I) as well as with the cardiac index (r = 0.57, P = 
0.005) (Fig. 2). 
Coronary arteriographic findings. In 17 patients coro•
nary arteriography was performed an average of 15 days 
(range 2 to 60) after admission to the hospital. The right 
coronary artery was totally occluded in its proximal or mid•
portion in 13 and had a subtotal lesion in its proximal seg•
ment in 3 additional patients. In the remaining patient the 
right coronary artery had a 75% stenosis in addition to 
subtotal lesions in the marginal branches of the circumflex 
artery. Concomitant significant disease of the left anterior 
descending coronary artery was present in 7 (49%) of the 
17 patients. Collateral vessels from the proximal left anterior 
descending artery to the right coronary artery were visible 
in four patients. 
In.hospital complications (Table 3). The most fre•
quent in-hospital complications included sinus bradycardia 
with hypotension, which occurred in 25 patients; postin-
CARDIAC 
INDEX 
(Llmin/M2) 
3.0 
2.5 
2.0 
1.5 
N=22 
R =0.52 
p=0.005 
• 
• 
• 
• 
• • 
• 
• 
• 
• 
• • • • • • 
• • • • • 
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farction angina in 21; low output or shock syndrome in 18; 
varying degrees of atrioventricular block in IS patients, with 
complete heart block in 6; pericarditis in 13; and ventricular 
tachycardia or fibrillation in 7. Mechanical complications 
included papillary muscle infarction with severe mitral re•
gurgitation in one patient, ventricular septal rupture with 
mitral regurgitation in one patient and ventricular septal and 
free wall rupture in one patient. Two patients died during 
the hospital course, one from ventricular septal and free 
wall rupture soon after hospital admission, and the other 
from gastrointestinal bleeding several weeks after surgical 
repair of ventricular septal rupture. 
Therapeutic interventions. Of 18 patients who devel•
oped a low output or shock syndrome, intraaortic balloon 
pumping followed by corrective cardiac surgery was per•
formed in two (for ventricular septal rupture and acute severe 
mitral regurgitation, respectively). Of the remaining 16 pa•
tients, I died shortly after development of ventricular 
septal and free wall rupture before the effect of any therapy 
could be assessed. One additional patient with an atrioven•
tricular junctional rhythm demonstrated a dramatic reversal 
of the low output state after initiation of atrial pacing. For 
three patients, adequate follow-up hemodynamic data were 
not available for a meaningful interpretation. Of the re•
maining II patients, 7 with an initial mean pulmonary cap•
illary wedge pressure less than 15 mm Hg received rapid 
volume loading with 500 to 1,500 ml of normal saline so•
lution until mean pulmonary capillary wedge pressure reached 
a IS to 18 mm Hg range, whereas in the remaining 4 patients 
Figure 2. Correlation of cardiac index and stroke volume index 
with left ventricular end-diastolic volume in 22 patients (see text 
for details). 
STROKE VOLUME 
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(ml/beat/M 2) 
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Table 3. In-Hospital Complications in 43 Patients With 
Predominant Right Ventricular Dysfunction After Acute 
Myocardial Infarction 
Bradycardia with hypotension 
Atrioventricular block 
Ventricular tachycardia or fibrillation 
Pericarditis 
Postinfarction angina 
Low output state or shock 
Ventricular septal rupture 
Free wall rupture 
Severe mitral regurgitation 
Pulmonary edema 
Death 
22 (49%) 
15 (34o/c) 
7 (16o/c) 
13 (29[1<) 
21 (48%) 
18 (4IO/c) 
2 (4.5%) 
1(2.2%) 
1(2.2%) 
3 (6.8%)* 
2 (4.5%)t 
*The three patients with pulmonary edema included two patients with 
ventricular septal rupture and one patient with papillary muscle infarction 
with severe regurgitation. tBoth patients who died had ventricular septal 
rupture: one died of electromechanical dissociation (free wall arid septal 
rupture confirmed at autopsy). and one died of gastrointestinal bleeding 
after cardiac surgery. 
with an initial mean pulmonary capillary wedge pressure of 
15 tnm Hg or greater, dopamine infusion was used to im•
prove the low output state (Table 4). Volume loading produced 
no significant overall improvement in cardiac index or stroke 
volume index (except in one patient) despite significant in•
creases in mean pulmonary capillary wedge and mean right 
atrial pressures. Five of the seven patients initially treated 
with volume loading eventually required therapy with do•
pamine or sodium nitroprusside for improvement of the low 
output state. All four patients with initial mean pulmonary 
capillary wedge pressure of 15 mm Hg ot greater showed 
clinical improvement comtnensurate with an improvement 
in cardiac index and stroke volume index with dopamine 
infusion without a change in ventricular filling pressures. 
The failure of volume infusion to increase stroke volume 
was investigated in one patient who underwent simultaneous 
hemodynamic and scintigraphic evaluation before and dur•
ing volume infusion (Table 5). Volume infusion resulted in 
an increase in right ventricular end-diastolic volume index 
along with a decline in right ventricular ejection fraction 
commensurate with an increase in right atrial pressure. This 
was associated with no change in left ventricular end-dia-
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stolic volume index despite a substantial increase in mean 
pulmonary capillary wedge pressure, suggesting an acute 
decrease in left ventricular compliance secondary to right 
ventricular dilation. 
Discussion 
Major findings. The major findings of our study, with 
respect to scintigraphically detected predominant right ven•
tricular dysfunction in acute myocardial infarction are: 1) 
high frequency (40%) of Occurrence in acute inferior in•
farction; 2) frequent lack of hemodynamic evidence of right 
ventricular dysfunction in the form of jugular venous dis•
tension. right atrial pressure of 10 mm Hg or greater and 
right atrial to pulmonary capillary wedge pressure ratio of 
0.8 or greater. even among patients with low output syn•
drome; 3) frequent occurrence of low cardiac output and 
low stroke volume, predominantly related to a reduced left 
ventricular end-diastolic volume index; 4) high incidence 
of in-hospital complications including symptomatic low out•
put or shock syndrome. bradycardia with hypotension. com•
plete atrioventricular block and early ventricular tachycardia 
or fibrillation; 5) spontaneous significant improvement in 
right ventricular global and regional fUnction over time in 
80% of patients; 6) frequent lack of improvement in low 
output state with volume loading alone; and 7) good overall 
short-term survival in absence of complicating mechanical 
lesions such as acute mitral regurgitation and ventricular 
septal or free wall rupture. 
Comparison with previous reports. Using scinti•
graphic criteria. we found predominant right ventricular dys•
function in a higher proportion (40%) of patients with in•
ferior myocardial infarction than the incidence of 4 to 8% 
suggested by studies using hemodynamic criteria alone (2,4,5) 
or the incidence of 24% suggested by autopsy evidence of 
right ventricular necrosis (9). The 40% incidence of pre•
dominant right ventricular dysfunction reported here is com•
parable with the incidence reported previously by other in•
vestigators using noninvasive scintigraphic techniques (10 .11). 
The discrepancy between the incidence of scintigraphic and 
hemodynamic evidence of predominant right ventricular 
dysfunction can be accounted for. in part, by the relative 
Table 4. Hemodynamic Effect of Volume Loading Versus Dopamine Infusion 
Group A (n = 7) Group B (n = 4) 
Before Volume After Volume 
Loading p Value Loading Before Dopamine p Value After Dopamine 
PCW (mm Hg) 10 ± 2 <0.001 17 ± 2 17 ± I NS 13 ± 4 
RA (mm Hg) 10 ± 2 0.001 16 ± 3 16 ± 2 NS 13 ± 5 
CI (liters/min per m2) 1.9 ± 0.4 NS 2.0 ± 0.4 U ± 0.4 <0.001 2.3 ± 0.4 
SVI (mllbeat per m2) 27 ± 3 NS 28 ± 6 24 ± 3 0.007 30 ± 2 
Abbreviations as in Table I. 
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Table 5. Changes in Hemodynamics, Ventricular Ejection 
Fraction and Volumes After Volume Loading in a Patient With 
Predominant Right Ventricular Dysfunction 
Before Volume After Volume 
Loading Loading 
pew (mm Hg) 10 18 
RA (mm Hg) 9 16 
SVI (mllbeat per m2) 29 29 
LVEF 0.55 0.54 
RVEF 0.33 0.24 
L VEDVI (mllm2) 53 54 
RVEDVI (mllm2) 85 121 
Abbreviations as in Table I. 
insensitivity of hemodynamic criteria for detection of acute 
right ventricular dysfunction, a fact borne out by the results 
of our study. Thus, despite scintigraphic evidence of pre•
dominant right ventricular dysfunction as well as clinical 
and hemodynamic evidence of a low output syndrome, a 
right atrial pressure of 10 mm Hg or greater, a ratio of right 
atrial to pulmonary capillary wedge pressure of 0.8 or greater 
and an abnormal right atrial y descent were absent in 5 
(30%) of 17 of our patients (table 2). Lack of marked 
elevation of right atrial pressure despite right ventricular 
systolic dysfunction in many of our patients may be due to 
the less steep diastolic pressure-volume relation in the right 
ventricle, which allows considerable right ventricuiar di•
lation before elevation of right ventricul~r filling pressure 
or right atrial pressure occurs. Furthermore, peripheral vas•
cular pooling resulting from vagotonia, frequently observed 
in inferior myocardial infarction, may have masked hemo•
dynamic evidence of right ventricular dysfunction by re~ 
ducing vehous return. The high frequency (58%) of brady•
cardia and hypotension observed in otir series is consistent 
with a vagotonic state. 
In a study involving 33 patients with acute inferior myo•
cardial infarction, Starling et a1. (12) concluded that scin•
tigraphic evidence of a right ventricular ejection fraction of 
less than 0.40 along with right ventricular dyssynergy, cri•
teria comparable with ours, were evidence of hemodynain•
ically significant right ventricular infarction. However, un•
like our study, they did not describe the status of left vehtricular 
ejection fraction and hence could have included patiehts with 
variable degrees of left ventricular systolic dysfunction. Fut•
thermore, our reanalysis of the data of Starling et a1. (12) 
actually shows that three of nine patients with scintigraphic 
criteria of right ventricular dysfunction did not have hemo•
dynamic criteria of right ventricular dysfunction, an inci•
dence comparable with the one reported here. We believe 
that hemodynamic sigriificance is better characterized by 
depression of cardiac and stroke volume indexes than by 
elevation of right atrial pressure. Thus it is important to 
note that, in our series, the 17 patients with a reduced cardiac 
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index did not differ significantly ftom the 6 patients with 
a normal cardiac index witli respect to mean right atrial 
pressure, right ventricular ejection fraction, left ventricular 
ejection fraction or heart rate. 
The discrepancy between scintigraphic and autopsy evi•
dence of right ventricular Ischemic damage is probably a 
reflection of exclusion bias whereby patients with lesser 
degrees of right ventricular involvement might have beeh 
excluded from the autopsy studies. Furihermore, in some 
patients with acUte postinfarction right ventricular dysfunc•
tion, ischemia rather than necrosis may be the chief cause 
fot dysfunction. This possibility is further supported by the 
frequent lack of right ventricular uptake of technetium-99m 
pyrbphosphate observed In patients with predominant right 
ventricular dysfunction (8). 
Meehanisnt of low output syndrome. The high fre•
quency with which bradyarrhythmias occur in this syndrome 
may account partly for the low cardiac ~~tput syhdrome. 
However, in the majority of patients with low output syn•
drome, the stroke volume was also depressed. Ventrlcular 
septal rupture and mitral regurgitation could account for low 
output state in only three of our patients. In the remainirig 
patients other factors have to be considered. Contractile 
dysfunction of the left ventricle was relatively Ipijd in this 
group, as indicated by normal or only slightly depressed left 
ventricular ejection fraction; hence, it could not have 
contributed importantly to the low stroke volume. Out data 
suggest that the major cause of reduced stroke voluine in 
predominant right ventricular dysfunction is a reducea left 
ventricular preload as indicated by the reduced left vehtric•
ulat end-diastolic volume index (49 ± 11 mllm2) observed 
in this study. this view is furthet supported by the otiser•
vation of significant linear relation of stroke volutne index 
and left vetttricular end-diastolic volume index (r = 0.8, 
P < 0.001). The detreased left ventricular end-diastolic 
volume index may have resulted from 1) reduced right ven•
tricular output resulting in a reduced left ventricular inflow; 
2) right ventricular volume overload that in association with 
posterior septal infarction could have resulted in bulging of 
the intetventricular s€ptum into the left ventricle (teverse 
Bernheirri effect) during diastole, thereby causing distortion 
of geometry of t~e left ventricle, reSUlting in a reduced left 
ventricular end-diastolic volume index and a decreased di•
astolic compliance in a manner analogous to the one de•
scribed in experimental and clinical studies (13,14) involv•
ing acute right ventricular pressure or volume dverload; ahd 
3) acute dilation of the right ventricle resulting in a com•
petitio!,) for space in the pericardial cavity with the left 
ventricle. In the short term, the relatively unyielding peri•
cardium may of necessity allow for compression (psetido•
tamponade) of the left ventricle by the dilated right ventricle, 
resulting in reduction of the left ventricular diastolic volume. 
The equalization of right ventricular and left ventricular 
filling pressures (:S 2 mm Hg difference) observed in nine 
lACC Vol. 6, No, 6 
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of our patients as well as previous reports of hemodynamic 
patterns resembling restrictive pericardial disease support a 
possible role for the pericardium in the production of low 
I~ft ventricular end-diastolic volume index in postinfarction 
predominant right ventricular dysfunction (4), A contribu•
tion of pericardial restraint in the p&thogenesis of low cardiac 
output in predominant ischemic right ventricular dysfunction 
is also suggested by the experimental studies of Goldstein 
et al. (15). 
Therapeutic and prognostic implications. Evidence of 
inadeq4ate left ventricular preload, confiqned in this study 
by demonstration of a reduced left ventricular end-diastolic 
volume index, has peell considered the rationale for treat•
ment of the low output hndrome in predominant right ven•
tricqiar dysfunction with interventions that increase left ven•
triqllar filling, that is, volume loading and restoration of 
atrial kick when absent (2,16). Although dramatic improve•
ments in cardiac output from restoration of atrial kick have 
been previously reported (16) and were observed in one of 
our patients, the effects of volume loading have not been 
well documented. Thus Baigrie et al. (17) observed a sig•
nificant increase in mean cardiac output with volume loading 
in 25 patients with presumed right ventricular qysfunction, 
but the baseline cardiac index was normal in all sllch patients 
(mean value 2.7 ± O.lliters/min per m2) and only increased 
by about 10%, a change well within the error of m~asure­
ment. SijUilarly, Dell'Italia et al. (8) determined the effect 
of volume loading in 27 patients with acute inferior infarc•
tion withOlH hemodynamic signs of predominant right ven•
tricular dysfunction and observed a smalI increase (10%) in 
mean cardiac index in a subset of 21 patients who did not 
develop hemodynamic signs of predominant right ventric•
ular dysfunction during volume loading. However, no crange 
in c(lrdiac index was observed in the six patients who de•
veloped hemodynamic criteria of predominant right ven•
tricular dysfunction after volume loading. But because the 
mean cardiac index in their patients before volume infusion 
ranged between 2.7 ± 0.7 and 2.9 ± 0.7, such patients 
would not be ordinarily considered in need of improvement 
in cardiac index. Hence, they are not comparable with our 
patients. 
Our data demonstrate that volume loading alone, re•
gardless of the level of initial right &trial pressure and despite 
maintenance of left ventricular filling pressures in an optimal 
high normal range, is generally ineffective in improving the 
hemodynamic and clinical state in patients with low cardiac 
output. In fact, additional inotropic or vasodilator therapy 
is frequently required. Lack of satisfactory hemodynamic 
response to volume loading may be attributed to one or 
more of the following factors: 1) increased intravascular 
volume leading to increased right ventricular volume that 
in turn compresses the left ventricle even more within a 
fixed pericardial space, thereby limiting any expected in•
creases in left ventricular end-diastolic volume index, as 
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illustrated in Table 5; 2) increased right ventricular volume 
produces further ischemic dysfunction of the right ventricle 
by increasing the oxygen demand, thereby not allowing for 
an increased right ventricular output to occur in response to 
increase in its filling pressure; and 3) a depressed right 
ventricle, operating along a flat ventricular function curve, 
is unable to increase its output as its filling pressure is 
increased by volume loading. 
Contrary to previpus reports, the short-term survival of 
our patients was excell~nt except for the two patients who 
developed cardiac rupture, one in the form of a ventricular 
septal rupture and the other in the form of ventricular septal 
plus free wall rupture. The favorable prognosis observed in 
our study may reflect the criterion for patient selection re•
quiring normal or near normal left ventricular ejection frac•
tion, whereas previous studies used hemodynamic evidence 
of predominant right ventricular dysfunction as the sole 
criterion. The study of Gewirtz et al. (I8) demonstrated 
that many patients with hemodynamic criteria of predomi•
nant right ventricular dysfunction may in fact have addi•
tional extensive left ventricular involvement detectable at 
autopsy, hemodynamic evidence of which remains masked 
during life. An additional factor contributing to a favorable 
outcome might be relateq to the frequently observed spon•
taneous improvement in right ventricular global and regional 
function noted in our study. The sequential improvement in 
global and regional right ventricular function observed in 
most patients in this as well as previous studies (8,19,20) 
is at variance with the data reported by Marmor et al. (21) 
in patients with acute inferior myocardial infarction. How•
ever, their patients are not strictly comparable with ours, 
because they included all patients with acute inferior myo•
carcjial infarction regardless of the extent and severity of 
altered left ventricular function. This could have influenced 
their results. The spontaneous improvement in right ven•
tricular function in this setting may result from improvement 
in right ventricular ischemia either from collateral inflow 
from the left anterior descending coronary artery through 
moderator band branch, or from diffusion of oxygen from 
intracavitary blood through the thin wall of the right ven•
tricle (22). 
Clinic;li implications. This study demonstrates that 
scintigraphically detected predominant right ventricular dys•
function with near normal left ventricular ejection fraction 
frequently produces a low output syndrome despite absence 
of clinically detectable jugular venous distension or hemo•
dynamic evidence of predominant right ventricular dys•
function in many cases. Contrary to popular belief and prev•
alent clinical practice, this low output syndrome rarely 
improves with volume loading alone and frequently requires 
additional inotropic and vasoactive drug therapy. Further•
more, because of alterations in left ventricular compliance, 
increases in left ventricular filling pressure as indirectly 
estimated from pulmonary capillary wedge pressure cannot 
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be considered reliable indicators of changes in left ventric•
ular volume, and hence preload, in the setting of predom•
inant right ventricular dysfunction. In the absence of com•
plications such as septal, free wall or papillary muscle rupture, 
the short-term survival of such patients is excellent despite 
the high incidence of in-hospital complications. 
Potential methodologic limitations. It could be argued 
that superimposition of right atrial activity over the right 
ventricular region of interest would adversely influence the 
calculation of right ventricular ejection fraction by the mul•
tiple gated equilibrium scintigraphic technique. However, 
this problem was minimized by choosing separate regions 
of interest for the right ventricle in end-diastole and end•
systole rather than using a single end-diastolic region of 
interest. Using this approach, Maddahi et al. (6) from our 
institution demonstrated that the right ventricular ejection 
fraction correlates well (r = 0.94) with that determined by 
first pass scintigraphy in which atrial overlap is not a prob•
lem. Because inclusion criteria required evidence of regional 
and global right ventricular dysfunction without significant 
left ventricular global dysfuntion, pulmonary or primary 
valvular or congenital heart disease, it is unlikely that right 
ventricular dysfunction in these patients represented any•
thing other than ischemia or infarction of the right ventricle. 
This is further supported by the fact that all of our patients 
had inferior or inferoposterior infarction and the overall 
prevalence of this syndrome was compllrable with that in 
previous reports (l 0, 11). 
We gratefully acknowledge the assistance provided by Beverly Yoshioka, 
Lance Laforteza, Frank Shellock, PhD and Sharon Hulse in the preparation 
of this manuscript. 
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